INTRODUCTION
The genetic manipulation of crop plants in vitro depends upon the development of appropriate cell and tissue culture systems. Many recent studies on cereals have involved the use of either immature or mature embryos as a source of such cultures and regeneration of entire plants from these tissues has been achieved in a number of species including Zea mays (Green and Phillips, 1975) , Sorghum bicolor (Dunstan et al., 1978) , Triticum aestivum (Lazar et al., 1983) and Hordeum vulgare (Hanzel et aL, 1985; Thomas and Scott, 1985) . Unfortunately, much of the work has described the kind and extent of callus growth and proliferation in a qualitative rather than a quantitative manner and hence it is difficult to make detailed comparisons between different investigations. Bayliss and Dunn (1979) examined the ability of 45 barley cultivars to form callus in response to the synthetic auxin 2,4-dichlorophenoxyacetic acid (2,4-D) , and scored the growth of callus, roots and shoots on an arbitrary 0-4 scale. An alternative method of estimation was adopted by Dale and Deambrogio (1979) , who used callus area as an estimate of callus growth. These authors found differences in the amount of callus formation between the two cultivars Akka and Himalaya. In the most recent study (Goldstein and Kronstad, 1986) , which involved 20 spring barley genotypes, callus fresh weight was used as an estimate of response in vitro.
The interaction of genotype with 2,4-D or other components of the media has rarely been considered in barley tissue culture experiments (Dunwell, 1981a (Dunwell, , b, 1983 Hanzel, 1985) . Dunwell (1981b) found a distinct difference in the responses of mature embryos of two genotypes of barley to concentrations of 2,4-D and sucrose, and to incubation temperature. The present study examined the response of immature embryos of these two genotypes as well as a number of other spring barley cultivars to 2,4-D concentration.
MATERIALS AND METHODS

Experimental material
The following spring barley cultivars were used in this study: Apex, Dissa, Doublet, Glacier, Golden Promise, Heriot, Nairn, R23 and 4082. where: Y,,k is the response of the ith genotype in the kth block within thejth environment, r = mean response, G = effect due to the ith genotype, E1 -effect due to the jth environment (or concentration of 2,4-D), GE = effect due to the interaction of the ith genotype with the jth environment (genotype x medium interaction). 13j(k) = effect due to the kth block in the jth environment, eI,(k) = random sampling component.
The components of variance o-, (1k, 0 and o were calculated from the expected mean squares appropriate to the model. Where the genotype x medium interactions were significant, a joint regression analysis was carried out (Yates and Cochran, 1938 ) and the interactions partitioned into a heterogeneity of regression item and a deviation from regression item. The regression item was tested for significance against the deviation from regression item when the latter was significantly larger than the error item. For each genotype the phenotypic variance to increasing concentrations of 2,4-D was also used to assess its in vitro sensitivity (Jinks and Pooni, 1980) .
RESULTS
The mean values recorded for each character are given in table 1. The degree of germination of the embryos is estimated by the two characters, shoot length and root length, both of which tend to show a progressive reduction with increasing 2,4-D concentration. With one exception (water content for 4082) all genotypes show the highest values for the other three characters on media with 2 or With respect to fresh weight and water content, the deviations mean square is significantly greater than the error mean square. In these cases the deviation from linearity is not due to experimental error and thus the linear regression approach will have little predictive value. An alternative measure of the sensitivity of a genotype to increasing 2,4-D concentration is therefore required. The square root of the variance (a-) component over con- These two statistics, first, mean performance averaged over all concentrations of 2,4-D, and secondly, variation in performance over these environments, arc given in table 6. This two dimensional assessment of performance provides a convenient way of ranking a genotype's response to culture and may also be used for further biometrical analyses.
DISCUSSION
The advantage of the quantitative approach adopted in the present study is that it enabled, for the There was evidence of an interaction between genotype and basic salt components as well as between genotype and 2,4-D concentration over the range from 05 to 2 mg 1_i for the number of embryos with callus. In particular, the cultivar Amsel showed a threefold increase in the frequency of responsive embryos over this range, while the genotype X2387-3 showed a four fold reduction over the same range. It must be noted, however, that this study differed from the present one in that the embryos were placed with the scutellum in contact with the medium. Embryo orientation has been reported to have a significant effect on the frequency and amount of callus produced from immature embryos (Dale and Deambrogio, 1979; Powell, Hayter and Wood, 1983) , although this was not found to be so in the study of Goldstein and Kronstad (1986) .
Other aspects of the results from the present study can also be compared with those from similar previous investigations. In the study of Hanzel et aL (1985) , 30 genotypes were examined and amongst the conclusions reached was that two rowed cultivars showed higher numbers of immature embryos with callus than did six rowed ones. The authors suggested that two rowed types might therefore be more amenable to tissue culture.
In the present study, however, there is no evidence of such a distinction. Indeed, two of the genotypes show the opposite response in that the six rowed type (4082) produced many times more callus than the two rowed type (R23) and was in fact the most responsive of all the genotypes tested.
These two particular stocks will be used in future genetical studies to assess the effects of major genes on in vitro development in barley (Jacobsen, 1976) . Furthermore, the relationship between callus initiation, callus proliferation and shoot differentiation will be investigated (Goldstein and Kronstad, 1986) . This aspect of in vitro development is important since it will determine whether or not these responses are under separate genetic control and hence amenable to independent adjustment by suitable selection procedures.
